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Description

Field of the Invention

[0001] This invention relates to a method for regener-
ating an acid gas absorbing fluid effectively by allowing
the acid gas absorbing fluid to absorb an acid gas and
thereafter releasing the acid gas therefrom.

Background Art

[0002] Regeneration of a liquid absorbent comprising
a mixed aqueous solution of a secondary amine such
as piperazine and a tertiary amine such as methyldieth-
anolamine is disclosed in US 5,618,506 wherein sepa-
ration of CO2 and regeneration of a liquid absorbent are
carried out by steam stripping in a regeneration tower
having a temperature of 110°C.
[0003] Conventionally, there have been proposed a
variety of absorbents for removing an acid gas (e.g.,
CO2 or H2S) from a gaseous mixture, including an aque-
ous solution of an amine such as monoethanolamine or
diethanolamine, and such an aqueous solution having
another acid gas absorption accelerator added thereto.
[0004] Among these acid gas absorbents is methyldi-
ethanolamine which was disclosed by F. Vidaurri at the
977th Gas Conditioning Conference, 1900. This meth-
yldiethanolamine is advantageous in that its aqueous
solution having absorbed an acid gas can release the
acid gas by intermittent exposure to a reduced pressure
and can hence save the thermal energy used for the re-
generation of the absorbing fluid, and in that it has high
acid gas-absorbing power per mole and does not cor-
rode the equipment even if used at high concentrations.
On the other hand, it has the disadvantage that its acid
gas absorption rate is slow. As disclosed in Japanese
Patent Laid-Open No. 198120/'94, it has been con-
firmed that this disadvantage can be overcome by the
addition of a (lower alkyl)piperazine, resulting in a
marked improvement in acid gas absorption rate. Thus,
an acid gas absorbent containing methyldiethanolamine
and a (lower alkyl)piperazine is known as an effective
acid gas absorbent which can reduce the size of the ab-
sorption system and decrease the amount of absorbent
used. Since an acid gas absorbent is being used in the
form of an absorbing fluid, it will hereinafter be referred
to as an absorbing fluid.
[0005] The aforesaid acid gas absorbing fluid contain-
ing methyldiethanolamine and a (lower alkyl)piperazine
will show a marked increase in industrial utility if, after
this absorbing fluid is allowed to absorb an acid gas, it
can be regenerated by releasing the acid gas therefrom
with little energy consumption and with ease, and can
be reused as an absorbing fluid. However, no such
method has been known in the prior art.
[0006] Consequently, the present inventors carried
out various experiments and intensive investigations on
the method of regenerating the aforesaid absorbing flu-

id, and have now completed the present invention.

Disclosure of the Invention

[0007] Accordingly, an object of the present invention
is to provide a method wherein an acid gas absorbing
fluid containing methyldiethanolamine and a (lower
alkyl)piperazine is allowed to absorb an acid gas and,
thereafter, the acid gas absorbing fluid is regenerated
by releasing the acid gas from the acid gas absorbing
fluid effectively at a relatively low temperature.
[0008] That is, according to the present invention
there is provided a method for the regeneration of an
acid gas absorbing fluid which comprises bringing a
gaseous mixture containing an acid gas into contact with
an absorbing fluid containing methyldiethanolamine and
a (lower alkyl)piperazine so as to absorb the acid gas
into the absorbing fluid, and regenerating the absorbing
fluid by releasing the acid gas from the absorbing fluid
in a regeneration tower; wherein the temperature of the
regeneration tower is from 40 to 80°C.
[0009] Preferably the present invention provides a
method for the regeneration of an acid gas absorbing
fluid wherein the methyldiethanolamine is present in a
concentration of from 20 to 70% by weight and prefera-
bly from 40 to 60% by weight.
[0010] The (lower alkyl)piperazine is a piperazine de-
rivative having one or two lower alkyl groups of 1 to 4
carbon atoms as a substituent or substituents on the
heterocyclic ring. Of such piperazine derivatives, meth-
ylpiperazines are preferred. Among others, 2-methyl-
piperazine and 2,5-dimethylpiperazine are especially
preferred.
[0011] Preferably the present invention provides a
method for the regeneration of an acid gas absorbing
fluid wherein the (lower alkyl)piperazine is present in a
concentration of from 0.5 to 7.5% by weight and prefer-
ably from 1.5 to 4.5% by weight.
[0012] More preferably the present invention provides
a method wherein the regenerated acid gas absorbing
fluid has a heat-stable salt concentration during the re-
peated absorption and release of CO2 over a long period
of time.
[0013] The gases which can be treated with the acid
gas absorbing fluid regenerated according to the
present invention include gasified coal gas, synthesis
gases, coke oven gas, petroleum gas, natural gas and
the like. The gases which can be absorbed thereinto in-
clude CO2 or H2S, for example.
[0014] As will be described later, the present inventors
performed tests in which a simulated exhaust gas pre-
pared by mixing nitrogen gas with CO2 gas in appropri-
ate proportions was passed through a high-pressure
CO2 separation and regeneration system having a basic
construction illustrated in FIG. 1, so that an acid gas ab-
sorbing fluid was allowed to absorb CO2 under the fol-
lowing test conditions and, thereafter, the acid gas ab-
sorbing fluid was regenerated by releasing CO2 there-
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from.

• Gas flow rate: 0.12 m3N/h.
• Absorbing fluid flow rate: 4 liters/h.
• CO2 partial pressure in absorption tower: 10.13 bar

(10 ata).
• CO2 partial pressure in regeneration tower: 1.013

bar (1 ata).
• Regeneration tower temperature: 40°C.

[0015] Consequently, it has been found that, as
shown in FIG. 7, a high regenerative effect as demon-
strated by a CO2 recovery of 60% is exhibited even at
a relatively low regeneration tower temperature of 40°C
and, moreover, a very high regenerative effect is
achieved at higher regeneration tower temperatures as
demonstrated by a CO2 recovery of 95% or greater at
60°C and a CO2 recovery of 99% or greater at 80°C.

Brief Description of the Drawings

[0016]

FIG. 1 is a schematic view illustrating one form of
CO2 separation and recovery system using an acid
gas absorbent having high regenerative power in
accordance with the present invention;
FIG. 2 is a graph showing changes of vapor pres-
sure with the temperature of absorbing fluids;
FIG. 3 is a graph showing the relationship between
CO2 partial pressure and solubility for a
(MDEA+MP) absorbing fluid in accordance with the
present invention;
FIG. 4 is a graph showing the relationship between
CO2 partial pressure and solubility for a (MDEA+P)
absorbing fluid used as a comparative example;
FIG. 5 is a graph showing the relationship between
the regeneration tower temperature and the CO2
loading difference;
FIG. 6 is a graph showing the relationship between
the CO2 absorption time and the CO2 concentration
in the absorbing fluid;
FIG. 7 is a graph showing the relationship between
the regeneration tower temperature and the CO2 re-
covery;
FIG. 8 is a graph showing gas-based overall capac-
ity coefficient (KGa) ratios; and
FIG. 9 is a graph showing changes of the heat-sta-
ble salt concentration in the absorbing fluid with
time.

Best Mode for Carrying Out the Invention

[0017] Now, one form of CO2 separation and recovery
system in which an acid gas absorbing fluid is allowed
to absorb an acid gas and, thereafter, the acid gas ab-
sorbing fluid is regenerated in a regeneration tower by
releasing the acid gas therefrom according to the

present invention is described below with reference to
FIG. 1.
[0018] In FIG. 1, combustion exhaust gas is intro-
duced into an absorption tower 1 through a CO2-con-
taining gas inlet 4. In its packed region 2, the gas forced
into absorption tower 1 is brought into counterflow con-
tact with an absorbing fluid which contains methyldieth-
anolamine and a (lower alkyl)piperazine at predeter-
mined concentrations and is supplied from a nozzle 7.
Thus, the CO2 contained in the gas is removed by ab-
sorption into the absorbing fluid, and the resulting gas
is discharged through a CO2-free gas outlet 5. The ab-
sorbing fluid supplied to absorption tower 1 is allowed
to absorbs CO2 therein, passed through a heat ex-
changer 14, heated in a heater 8, and then introduced
into a regeneration tower 15.
[0019] In regeneration tower 15, the absorbing fluid
flows downward from nozzle 16 through its packed re-
gion 17. During this process, CO2 is released from the
absorbing fluid to regenerate it. The regenerated ab-
sorbing fluid is passed through heat exchanger 14 and
a absorbing fluid cooler 26 by means of a pump 9, and
returned to absorption tower 1 through an absorbing flu-
id inlet 6.
[0020] In the upper part of regeneration tower 15, the
CO2 separated from the absorbing fluid is brought into
contact with circulating water supplied from a nozzle 18,
and cooled in a regeneration tower reflux condenser 23.
Then, in a circulation drum 21, the CO2 is separated
from circulating water obtained by the condensation of
water vapor entrained by the CO2, and fed to a CO2 re-
covery step through a recovered CO2 line 22. The cir-
culating water is delivered to regeneration tower 15 by
means of a circulating water pump 20.
[0021] It is to be understood that this form of system
is given for the sole purpose of explaining an outline of
the present invention, and some accessory equipment
is omitted.
[0022] Now, the results of performance tests per-
formed to examine various properties of an acid gas ab-
sorbing fluid to be regenerated according to the present
invention are described below.
[0023] As the acid gas absorbing fluid to be regener-
ated according to the present invention, an aqueous so-
lution containing 45% by weight of methyldieth-
anolamine and 3% by weight of 2-methylpiperazine was
prepared. Moreover, as a comparative example in these
performance tests, an aqueous solution containing 45%
by weight of methyldiethanolamine and 3% by weight of
piperazine was prepared. This absorbing fluid (or ab-
sorbent) was employed as a comparative example be-
cause it is recently used for the purpose of absorbing
CO2 from exhaust gas under pressure.
[0024] The results of various performance tests on the
absorbing fluid to be regenerated according to the
present invention and the absorbing fluid used as a com-
parative example are shown below.
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Corrosiveness of each absorbing fluid

[0025] The corrosiveness of each absorbing fluid was
examined. A specimen measuring 30.0 mm x 19.9 mm
x 3.0 mm and having φ3.0 mm holes was made of SS41
(carbon steel), placed in each absorbing fluid under a
CO2 pressure of 0.8 atm., and held at 60°C for 94 hours.
The results thus obtained are shown in Table 1.

[0026] It can be seen from the results shown in Table
1 that, with respect to corrosiveness, the absorbing fluid
to be regenerated according to the present invention
bears comparison with the conventionally used
(MDEA+P) absorbing fluid.

Vapor pressure of each absorbing fluid

[0027] Changes of vapor pressure with the tempera-
ture of each absorbing fluid were examined. The results
thus obtained are shown in FIG. 2. There is no substan-
tial difference between the conventionally used
(MDEA+P) absorbing fluid and the absorbing fluid in ac-
cordance with the present invention.

Relationship between CO2 partial pressure and
solubility

[0028] The relationship between the CO2 partial pres-
sure and solubility of each absorbing fluid was examined
by varying the temperature. The results obtained with
the absorbing fluid to be regenerated according to the
present invention are shown in FIG. 3, and the results
obtained with the comparative example are shown in
FIG. 4. Both absorbing fluids are also equivalent in this
property.

Relationship between regeneration tower temperature
and CO2 loading difference

[0029] By varying the temperature of the regeneration
tower, the relationship between the regeneration tower
temperature and the CO2 loading difference was exam-
ined with respect to each absorbing fluid. The term
"loading difference" refers to the difference between the
amount of CO2 contained in the absorbing fluid at the
outlet of the CO2 absorption tower and the amount of
CO2 contained in the absorbing fluid regenerated by
separating CO2 therefrom in the regeneration tower.
The relationship between the regeneration tower tem-
perature and the CO2 loading difference is shown in FIG.
5. As shown in FIGs. 2, 3, 4 and 5, both absorbing fluids

Table 1

Absorbing fluid Degree of corrosion (mm/y)

MDEA+MP 0.42

MDEA+P 0.42

are also equivalent in this physical property.
[0030] Next, a basic CO2 absorption test was per-
formed in order to confirm that, when used as an acid
gas absorbing fluid, the absorbing fluid to be regenerat-
ed according to the present invention has higher CO2-
absorbing power than the conventionally used acid gas
absorbing fluid.

Test for CO2 absorption rate

[0031] With respect to the CO2-absorbing power, the
relationship between the CO2 absorption time and the
CO2 concentration in the absorbing fluid was examined.
[0032] In this test, a test apparatus for the measure-
ment of gas-liquid equilibrium was used. Each absorb-
ing fluid was placed in an absorbing fluid vessel, and
CO2 was supplied in such a way that a total pressure of
10.13 bar (10 ata). was maintained. Samples of the fluid
were taken periodically and analyzed to determine the
amount of CO2 dissolved in the fluid and thereby eval-
uate the CO2 dissolution rate of the absorbing fluid. The
temperature of the absorbing fluid vessel was main-
tained at 40°C. Moreover, a gas consisting entirely of
CO2 was supplied at a feed rate of 0.92 liter N/min. Dur-
ing the reaction, the absorbing fluid vessel was stirred
at 300 rpm and the amount of absorbing fluid charged
was 625 g.
[0033] The results thus obtained are shown in FIG. 6.
It can be seen from this figure that the (MDEA+MP) ab-
sorbing fluid in accordance with the present invention is
more excellent in absorption rate.
[0034] As described above, it can be seen that, when
compared with the conventionally used absorbing fluid,
the acid gas absorbing fluid to be regenerated according
to the present invention is equivalent in basic properties
and more excellent in CO2 absorption rate.
[0035] Next, CO2 absorption and regeneration tests
were performed in order to confirm that this acid gas ab-
sorbing fluid having excellent properties can be effec-
tively used in the absorption of CO2 and in the method
for the regeneration of an acid gas absorbing fluid.

CO2 absorption and regeneration tests

[0036] In these tests, a high-pressure CO2 separation
and regeneration test system having a basic construc-
tion almost similar to that illustrated in FIG. 1 was pro-
vided. A simulated exhaust gas was prepared by mixing
nitrogen gas supplied from a nitrogen gas cylinder with
CO2 gas supplied from a carbon dioxide cylinder in ap-
propriate proportions, and the properties of the gas were
properly controlled so as to conform to experimental
conditions. Moreover, a gas meter was installed in the
discharge line. Furthermore, a thermostatic means for
regulating the temperatures of the refrigeration tower
and the absorption tower was also provided.
[0037] In the CO2 absorption and regeneration tests,
the relationship between the regeneration tower tem-
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perature and the CO2 recovery was examined in order
to confirm that the regeneration method of the present
invention can effectively regenerate an acid gas absorb-
ing fluid even at a relatively low temperature. The test
conditions were as follows.

Gas flow rate: 0.12 m3N/h.
Absorbing fluid flow rate: 4 liters/h.
CO2 partial pressure in absorption tower: 10.13 bar
(10 ata.)
CO2 partial pressure in regeneration tower: 1.013
bar (1 ata).
Regeneration tower temperature: 40°C.

[0038] The results thus obtained are shown in FIG. 7.
According to the regeneration method of the present in-
vention, the (MDEA+MP) absorbing fluid exhibits a CO2
recovery of as high as 60% when the temperature of the
regeneration tower is 40°C. Moreover, the CO2 recovery
exceeds 95% at a regeneration temperature of 60°C or
above, and reaches 99% at 80°C. Thus, it can be con-
firmed that the method for the regeneration of an acid
gas absorbing fluid in accordance with the present in-
vention uses the absorbing fluid effectively. Moreover, it
can also be confirmed by FIG. 7 that the (MDEA+MP)
absorbing fluid has much more excellent absorbing
power and regenerative power than the (MDEA+P) ab-
sorbing fluid.
[0039] In the CO2 absorption and regeneration tests,
the gas-based overall capacity coefficient (KGa) ratio
was also examined. This KGa ratio serves as an index
to absorbing power. The results thus obtained are
shown in FIG. 8. The test conditions were the same as
those employed in the test for examining the relationship
between the regeneration tower temperature and the
CO2 recovery, except that the regeneration tower tem-
perature was fixed at 40°C. Thus, it can be confirmed
that the (MDEA+MP) absorbing fluid in accordance with
the present invention shows an improvement of about
70% over the (MDEA+P) absorbing fluid.
[0040] Next, changes of heat-stable salt concentra-
tion with time were examined in order to confirm that the
absorbing fluid regenerated according to the present in-
vention can retain stabilized properties during the re-
peated absorption and release of CO2 over a long period
of time. This test provides an index to the deterioration
of the absorbing fluid. The results thus obtained are
shown in FIG. 9. The test conditions were the same as
those employed in the test for examining the relationship
between the regeneration tower temperature and the
CO2 recovery, except that the regeneration tower tem-
perature was fixed at 60°C. Thus, it has been found that
the (MDEA+MP) absorbing fluid in accordance with the
present invention is equivalent to the (MDEA+P) ab-
sorbing fluid.
[0041] When the above-described test results are put
together, it can be seen that the method for the regen-
eration of an acid gas absorbent in accordance with the

present invention can effectively regenerate an acid gas
absorbent containing methyldiethanolamine and a (low-
er alkyl)piperazine even at a relatively low temperature
of 40°C and can regenerate it much more effectively at
a temperature of 60°C or above.

Claims

1. A method for the regeneration of an acid gas ab-
sorbing fluid which comprises bringing a gaseous
mixture containing an acid gas into contact with an
absorbing fluid containing methyldiethanolamine
and a (lower alkyl)piperazine so as to absorb the
acid gas into the absorbing fluid, and regenerating
the absorbing fluid by releasing the acid gas from
the absorbing fluid in a regeneration tower; wherein
the temperature of the regeneration tower is from
40 to 80°C.

2. A method according to claim 1, wherein the (lower
alkyl)piperazine is present in a concentration of
from 0.5 to 7.5 percent by weight.

3. A method according to claim 1 or 2, wherein the
methyldiethanolamine is present in a concentration
of from 20 to 70 percent by weight.

4. A method according to claims 1, 2 or 3 wherein the
regenerated acid gas absorbing fluid has a heat-
stable salt concentration during the repeated ab-
sorption and release of CO2 over a long period of
time.

Patentansprüche

1. Verfahren zur Regenerierung eines Säuregas ab-
sorbierenden Fluids, bei dem man ein gasförmiges,
ein Säuregas enthaltendes Gemisch in Berührung
mit einem absorbierenden Fluid bringt, das Methyl-
diethanolamin und ein (niedermolekulares Alkyl)
-Piperazin enthält, um so das Säuregas in dem ab-
sorbierenden Fluid zu absorbieren, und das absor-
bierende Fluid regeneriert, indem man das Säure-
gas aus dem absorbierenden Fluid in einem Rege-
nerierturm freisetzt, wobei die Temperatur des Re-
generierturmes bei 40 bis 80 °C liegt.

2. Verfahren nach Anspruch 1, bei dem das (nieder-
molekulares Alkyl)-Piperazin in einer Konzentration
von 0,5 bis 7,5 Gew.-% vorliegt.

3. Verfahren nach Anspruch 1 oder 2, bei dem das Me-
thyldiethanolamin in einer Konzentration von 20 bis
70 Gew.-% vorliegt.

4. Verfahren nach einem der Ansprüche 1, 2 oder 3,
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bei dem das regeneriertes Säuregas absorbierende
Fluid eine Konzentration von hitzebeständigem
Salz während der wiederholten Absorption und
Freisetzung von CO2 über eine lange Zeitdauer hat.

Revendications

1. Procédé pour la régénération d'un fluide d'absorp-
tion des gaz acides, qui comprend la mise en con-
tact d'un mélange gazeux contenant un gaz acide
avec un fluide absorbant contenant de la méthyldié-
thanolamine et une (alkyl inférieur)pipérazine de
manière à absorber le gaz acide dans le fluide ab-
sorbant, et la régénération du fluide absorbant en
libérant le gaz acide du fluide absorbant dans une
colonne de régénération ; dans lequel la tempéra-
ture de la colonne de régénération est comprise
dans l'intervalle de 40 à 80°C.

2. Procédé suivant la revendication 1, dans lequel la
(alkyl inférieur)pipérazine est présente à une con-
centration comprise dans l'intervalle de 0,5 à 7,5 %
en poids.

3. Procédé suivant la revendication 1 ou 2, dans le-
quel la méthyldiéthanolamine est présente à une
concentration comprise dans l'intervalle de 20 à 70
% en poids.

4. Procédé suivant la revendication 1, 2 ou 3, dans le-
quel le fluide absorbant les gaz acides régénéré a
une concentration en sel thermostable au cours des
opérations répétées d'absorption et de libération de
CO2 pendant une longue période de temps.
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